The ATP binding site on rho protein. Affinity labeling of Lys181 by pyridoxal 5'-diphospho-5'-adenosine.
We have labeled the nucleoside triphosphate-binding domain of Escherichia coli rho factor with the ATP affinity analog [3H]pyridoxal 5'-diphospho-5'-adenosine (PLP-AMP). PLP-AMP completely inactivates the RNA-dependent ATPase activity of rho upon incorporation of 3 mol of reagent/mol of hexameric rho protein. Although the potency of PLP-AMP is enhanced when an RNA substrate such as poly(C) is present, the stoichiometry for inhibition remains the same as in the absence of poly(C). The nucleotide substrate ATP competes very effectively for the binding site and protects against PLP-AMP inactivation. A domain of rho called N2, which comprises the distal two-thirds of the molecule (residues 152-419) and encompasses the region proposed to bind ATP, is labeled specifically in the presence of poly(C). Amino acid sequence analysis of the single [3H]PLP-AMP labeled proteolytic fragment showed Lys181 to be the site of modification, suggesting that this residue normally interacts with the gamma-phosphoryl of bound ATP. These results agree with our proposed tertiary structure for the ATP-binding domain of rho that places this lysine residue in a flexible loop above a hydrophobic nucleotide-binding pocket comprised of several parallel beta-strands, similar to adenylate kinase, F1-ATPase, and related ATP-binding proteins. Parallel studies of rho structure and function by site-directed mutagenesis and chemical modification support this interpretation.